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ABSTRACT 
This study is an attempt to  correlate adrenocortical hormonal activity with 
various cell fractions obtained by homogenization and differential centrifugation 
of bovine adrenocortical tissue. Bioassays involving the decrease in circulating eosino- 
phils and sodium retention were employed for the estimation of the glucocorticoids 
and mineralocorticoids respectively. The supernatant was the most active fraction 
in both bioassays, while the microsome and mitochondrial fractions demonstrated 
varying degrees of activity.  The total nitrogen, lipide phosphorus, and cholesterol 
contents  of the fractions were determined.  The microsome fraction contained a 
relatively higher amount of lipide phosphorus and a marked amount of cholesterol. 
Beef adrenal fractions prepared  by differential 
centriiugation have  been  investigated  for  their 
enzyme activity in steroid  biosynthesis (1-5).  It 
has not been established whether the particulate 
fractions contain active hormones which possess 
biological activity characteristic of that of known 
adrenocortical  hormones  or  whether  the  active 
adrenocortical hormones are present only in the 
soluble portion of the cell with the granules con- 
tributing the  enzymes for  the  formation of  the 
hormones. 
Earlier  work  (6)  described  the  cytochemical 
nature of  cytoplasmic inclusions, termed  "giant 
granules," located in the zona glomerulosa of the 
bovine adrenal cortex. These granules were shown 
to  stain  with  mitochondrial, lipide,  and protein 
stains. They contained succinoxidase activity less 
than  that  of  the  mitochondrial  fraction,  but 
greater  than the microsomes. A  method was de- 
scribed for the isolation of a fraction of the giant 
granules  by  differential  centrifugation  of  beef 
adrenocor  tical homogenates. 
The purpose of  this study is to determine the 
presence of steroids, which would produce changes 
in  living tissues  similar  to  those  obtained  with 
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adrenal  hormones,  in  the  giant  granule,  mito- 
chondrial,  microsome,  and  supernatant prepara- 
tions, and  to estimate the relative concentration 
of  the  steroids  by  comparing one  fraction with 
another. In addition, data concerning the chemical 
constitution of the fractions are presented. 
Materials and Methods 
Bovine adrenal glands were cooled immediately upon 
removal from the animal. The cortical tissue was grossly 
separated from the medulla and capsule and homogen- 
ized in 0.25 ~ sucrose with a sharp-pointed, ground glass 
homogenizer developed in this laboratory.  The homog- 
enate was diluted  with isotonic  sucrose to  obtain a 
homogenate which was approximately 30 per cent with 
respect to the weight of the original tissue. Both  the 
dissection and the homogenization were performed in a 
cold room at  approximately  3°C. The  fractionation 
(Fig. 1) was performed in an International  refrigerated 
centrifuge  at  3°C. The  purity of  the  giant granule 
fraction was checked by staining smears of the fraction 
with the aniline acid fuchsin method for mitochondria, 
the Sudan black B stain for lipide, Crossman's modifica- 
tion of Mallory's  triple stain,  and with Feulgen. The 
purity of  the  mitochondrial fraction  was  determined 
by stained smears and by its succinoxidase  activity and 
that of the microsome  fraction by the lack of granules in 
stained smears and its lack of succinoxidase  activity (6). 
All washings were discarded. 
The fractions obtained from each centrifugation were 
diluted  to a  known volume with isotonic sucrose and 
stored at 4°C., after adding about two parts of acetone 
for one part of a fraction.  The total amount of each 
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FIG. 1.  Fractionation procedure. All fractions were resuspended in isotonic sucrose. 
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fraction  collected was  calculated  on  the  basis  of  its 
total nitrogen content. 
Each pooled fraction was filtered and extracted by a 
modification of the method  described by Haines  (7). 
The final materials were stored in ethanol at 4°C. The 
material was transferred into oil for the bioassays and 
injected subcutaneously into the animals. The amount 
injected was based on milligrams equivalent of nitrogen 
of the individual fraction. 
The  nitrogen  content  was  used  as  a  reference  by 
necessity, since the lipide content has been shown to be 
too variable (6), wet or dried weights were impractical 
due to the small amounts of material available, and the 
wet weight of the original tissue was not used because of 
large and  variable  losses  in  the  first  centrifugation. 
Therefore, the nitrogen content, which requires only a 
small amount of each fraction and is consistent from one 
fractionation  to  another,  was used  as  a  basis  for in- 
terpretation of hormone activity. It is realized that this 
reference system  is far from ideal in  a  tissue  rich in 
lipide and in a study focused on steroids. 
The per  cent  recovery  of the  fractions  cannot  be 
determined since the nuclear fraction, containing some 
cell fragments, and the washings were discarded. Also, 
the  sensitivity  of  the  assay  systems  is probably  not 
such that this type of calculation would be meaningful. 
Two  bioassay  procedures  were  utilized  for  the 
determination  of  adrenocortical  activity,  one  to 
establish the presence of the glucocorticoid activity in 
the fractions, and the other to determine the mineralo- 
corticoids. The decrease in circulating eosinophil cells 
of adrenalectomized mice was the method for the deter- 
ruination of the glucocorticoids (8). The mice were the 
BB~ strain obtained from Jackson Memorial Labora- 
tory, Bar  Harbor, Maine. The mineralocorticoid con- 
tent was investigated with the sodium retention bioas- 
say  method  of Kagawa,  Shipley, and  Meyer (9). The 
male rats were obtained from the Holtzman Rat Com- 
pany, Madison, Wisconsin. 
The  androgenic  and  myotrophic  activities  of  the 
fractions  were  determined  by  the  method  of  Hersh- 
berger,  Shipley,  and  Meyer  (10).  The  superuatant 
fraction  was  analyzed  for  estrogenic  activity by  the 
uterine weight methods described by Riegd and Meyer 
(11),  and for progesterone by the adsorption spectrum 
on the Beckman quartz spectrophntometer as described 
by Peariman (12). 
In  addition,  aliquots  of freshly  prepared  fractions 
were analyzed for nitrogen content by a  modification 
of the method of Johnson (13), for lipide phosphorus by 
the  method  of  Eilert  (14),  and  for  cholesterol  by  a 
modification of the method of Knobil *t aL (15). When 
the method of cholesterol was applied to the fractions, 
a  yellow-brown color, similar to that obtained with a 
small amount of sucrose alone, was obtained. Therefore, 
the sucrose remaining in the fractions was believed to be 
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TABLE  I 
Per Ceng Decrease in Circulating Eosinophils Following Infections of Extracts of Beef Adrcnocortical Fractions 
Homogenate 
Giant granules 
Mitochondria 
Microsomes 
Supematant 
Controls 
Cortisone ace- 
tate 
2.0 
28.1-4-8.1 
(15) 
Dosage, mE. equiv. N 
2.5  4,0  5,0  10.0  15,0  30.0 
3.1"4.15.5" 
(13)~; 
16.2-4-  9.7 
(8) 
32.0-4-  7.2 
(8) 
31.6+16.4 
(5) 
45.4-4-13.7 
(11) 
71.0"4.  3.0 
(9) 
+34.0"4.13.6 
(7) 
49.3-4-  5.8 
(9) 
67.1"4.  5.7 
(12) 
2/~g.  4/~g, 
23.5"  4.  9.6 
(15) 
53.0-4-  8.5 
08) 
7.5 
53.3-4-8. ,5 
(7) 
34.5-4-10.5 
(8) 
75.3±  3.9 
(9) 
6pg. 
61.0-4-  3.f 
(25) 
48.0-4-10.7 
(5) 
71.1.4-  9.0 
(9) 
21.7q-15.$ 
(3) 
* Mean -b standard error. 
$  Figures  in  parenthesis represent number of animals. 
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FIO. 2.  Per cent decrease in circulating eosinophils following injections of extracts of beef adrenocortical frac- 
tions. 
when aliquots of the standard cholesterol solution were 
added to the sucrose, the reading for sucrose alone could 
be subtracted from the combined sucrose and cholesterol 
readings to give a  curve similar to that obtained from 
pure cholesterol standards. Two identical aliquots were 
set up for each fraction in these determinations and one 
of each was treated with the color reagent and the other 
without. The difference in the readings for the two treat- 
ments was considered to be due to  the cholesterol in 
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RESULTS AND DZSCUSSmN 
This study involves an investigation of a  com- 
plex  system with the  use of  methods which are 
not very precise in the nature of the information 
obtained.  Accordingly,  the  results  represent  ex- 
ploratory  information which,  it  is  felt,  is  valid 
until better analytical methods are applied to this 
material. 
The per cent decrease in circulating eosinophils 
following injection of varying doses  of the homo- 
genate and fractions is presented in Table I.  At 
low doses  where a  slight response was observed, 
many of the animals showed an increase in eosin- 
ophils, thereby extending the range into the nega- 
tive side on the basis of per cent decrease in the 
cells. The types of response produced (Fig. 2) can 
TABLE II 
Sodium Excretion  in Adranalectomiz~ Rats Following Infections  of Extracts  of Beef A&o~oeorti~,al Fractions 
Fraction 
[-Iomogenate 
Giant granules 
Mitocbondria 
Microsomes 
5upernatant 
Dosage, rag. e4ui~. N 
5.0 
2.4544-0.284* 
(10)~ 
2.4544-0. t87 
(8) 
10.0 
1.9184-0.310 
(10) 
2.951-4-0.397 
(8) 
2.247-4-0.386 
(8) 
1.7064-0.176 
(8) 
15.0 
1. 7344-0.229 
(t0) 
3.1084-0.292 
(2) 
2.08O4-0.275 
(8) 
I. 7084-0.145 
(7) 
1.2564-0.243 
(9) 
20.0  30.0 
1.483 4-0.289 2.6024-0.500 
(9)  (4) 
2. t57-4-0.207 I.  792-4-0.254 
(5)  (6) 
1.1364-0.188  -- 
(8)  t3s  t .023-~0. 
(8) 
Oil controls 
3.1214-0.248 
(22) 
2.614--1-0.214 
(9) 
3.1584-0.285 
(t4) 
2.9754-0.243 
(17) 
3.4474-0.177 
(t5) 
* Mean 4- standard error. 
Figures in parenthesis represent number of animals. RICHARD L.  SCHULTZ AND  ROLAND  K.  MEYER  27 
TABLE HI 
A  Comparison of the Rdative Activilies of the Particulate 
Fractio~s of the Adroud  Corlex u,  ilh the Homogen~e 
on  the Basis  of MilUgram  Equivalents  of Nitrogen 
and Gram Wet Weight of Original Tissue 
Giant granules:homog- 
enate 
Mitochondria: homog- 
enate 
Microsomes:homogenate 
Supematant:homogenate 
Mg. equiv. 
N2 
~osim 
ophiJ  reNt~. 
le~vle  tlon 
tlou 
1:6  1:5 
1:3  1:2 
1:1  1:2 
3:2  5:3 
Gm. wet weight 
original tissue 
Eo~no- 
philde-  Nare- 
pletion  tention 
1:100(  1:650 
1:30  1:20 
1:20  1:30 
1:4  1:3 
be  compared with  those of standard  compounds 
reported by Speirs and Meyer (8). The homogenate 
and supernatant show a large increase in activity 
with  a  rdatively  small  increase  in  dose.  This 
increase is similar to the effect previously demon- 
strated with lipoadrenaJ cortex (8) in this bioassay. 
A  small amount of activity is shown with a  high 
dose of the giant granule fraction.  The response 
with  the  mitochondrial fraction  in  this  bioassay 
is not increased as much with an increase in dose 
as  the  homogenate  and  other  fractions.  Speirs, 
Simpson,  and  Tait  (16)  have  shown  a  similar 
effect with aldosterone. Probably the homogenate 
and  supernatant contain the entire component of 
adrenocortical  hormones,  whereas  the  individual 
fractions may contain all the corticoids in varying 
concentrations, only a  few, or only one. 
Table II presents the total milligrams of sodium 
excreted following the injection of each fraction in 
the  sodium retention  bioassay. The difference in 
sodium excreted by treated  animals as compared 
with oil controls, the amount of sodium retained, 
is  shown  in  Fig.  3. 
A low dose of the homogenate causes a response 
in  the sodium retention  bioassay, but  this  levels 
off with  an  increase  in  the  amount  of material 
injected and finally drops off at  the highest dose 
administered.  Kagawa  (17)  has  demonstrated  a 
similar  leveling  off  when  desoxycorticosterone 
acetate  and  cortisone  are  administered  together 
using this bioassay. The homogenate may contain 
sufficient amounts of the glucocorticoids to cause 
a  similar  antagonistic  effect.  The giant  granules 
again show low activity with relatively high doses. 
A comparison on the basis of milligrams equiva- 
lent of nitrogen and gram wet weight of original 
tissue of the activities  of the fractions with  that 
of the homogenate in both bioassays is shown in 
Table  III.  In  both  bioassays  the  supernatant 
shows a greater activity than any of the particu- 
late fractions. When a comparison is made of the 
particulate fractions, it is of interest to note that 
the microsome fraction  contains higher  amounts 
of  the  glucocorticoids,  while  the  mitochondria 
fraction contains a higher concentration of mineral- 
corticoid activity.  It may be that  the compound 
in the mitochondrial fraction causing the response 
in  both  bioassays  is  aldosterone. 
There  were  no  apparent  androgenic  or  myo- 
trophic  activities  demonstrated  by the  homog- 
enate  or  most  of  the  fractions  with  the  doses 
used.  The  giant  granules  showed  possible  myo- 
trophic activity on one animal at a low dose. No 
estrogens or progesterone could bedemonstrated  in 
the supernatant.  Probably any androgens,  estro- 
gens,  or progesterone  initially  present  were  re- 
moved in the extraction procedure. 
The  data  for  the  nitrogen,  lipide  phosphorus, 
and cholesterol content of the fractions are found 
in Table IV. The nitrogen and lipide phosphorus 
TABLE IV 
Distributi~ of N ilr  ogen, Lipide P kos  p horus, and Cholesterol in Fractions of Beef A drenocorlical Homo  genal~s 
Fraction 
Homogenate 
Giant granules 
Mitochondria 
Microsomes 
Supernatant 
Mg. nitrogen per ifln. 
original wet weight 
25.515  :t:  0.617" 
0.201  4-  0.019 
1.817  -4- 0.105 
1.142  -~  0.187 
5.8O5 -4- 0.170 
Mg. lipide phosphorus 
per gin. oyi~gina|  wet 
weight 
2.781  4-  0.116" 
0.042  -4-  0.004 
0.363  -4- 0.001 
0.277  -4- 0.016 
0.808  -4-  0.022 
Mg. cholesterol per gm 
original wet weight 
1.382  -4- 0.362* 
0.007  -4- 0.O02 
0.108 -4- 0.018 
0.297  -4- 0.O34 
0.124 ±  0.081 
Lipide P:N 
ratio 
1:9.17 
1:4.79 
1:5.01 
1:4.12 
1:7.18 
Cho/esterol: N 
ratio 
1:18.46 
1:28.71 
1:16.82 
1:3.84 
1:45.81 
* Mean -4- standard deviation of the mean. 28  ACTIVITY OF BOVINE ADRENAL CORTEX FRACTIONS 
data  demonstrate  the  relative  constancy  of  the 
fractions  prepared  at  different  times  and  from 
different glands. It is of interest  to note that the 
lipide  phosphorus-to-nitrogen ratio  of the  micro- 
some  fraction  is  greater  than  that  of  the  other 
fractions, demonstrating  a relatively higher phos- 
pholipide content in the microsomes. The micro- 
some  fraction  contains  the  highest  amount  of 
cholesterol. This high concentration can be noted 
especially  when  the  cholesterol  content  is  com- 
pared  with  the nitrogen content of each fraction. 
It is  possible that either  the  microsomes are the 
site  of  hormone  synthesis  in  the  cortical  cells, 
with  the  cholesterol present  as  the precursor,  or 
the microsomes provide a source of cholesterol for 
the rest of the cell. 
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